, is the bromide of the monoprotonated azamacrocyclic triamine 1,4,7-triazacyclononane (tacn). The threefold axis of the triamine is broken by the protonation of one of the three amine functions. The ammonium proton is bonded in an intramolecular symmetrically bifurcated hydrogen bond to the two endodentate amine functions. Direct cation-anion contacts are established via N-HÁ Á ÁBr hydrogen bonds between the bromide anions and tacnH + cations.
Related literature
The title compound was prepared according to a published procedure (Hay & Norman, 1979; McAuley et al., 1984; Battle et al., 2005) following a Richman-Atkins synthesis (Richman & Atkins, 1974) . For the crystal structures of related compounds, see: Warden et al. (2004) . A symmetrically bifurcated intramolecular hydrogen bond to the two endodentate amine functions was also found in Me 3 tacnH + , see : Wieghardt et al. (1987) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). 
Data collection: CrysAlisPro (Oxford Diffraction, 2009 ); cell refinement: CrysAlisPro; data reduction: CrysAlisPro; program(s) used to solve structure: SIR97 (Altomare et al., 1999); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEPIII (Burnett & Johnson, 1996) ; software used to prepare material for publication: PLATON (Spek, 2009 4,7-Diaza-1-azoniacyclononane bromide T. Allscher, P. Klüfers and C. Neumann Comment 1,4,7-Triazacyclononane is a popular ligand in coordination chemistry due to its C 3 symmetry and its propensity for facial coordination to metal ions. Although about 1500 crystallographically characterized tacn-metal complexes are known from the literature, it was not before 2005 that the crystal structure of the free parent triamine was determined (Battle et al., 2005) . Warden et al. (2004) described five salts of the threefold protonated triamine and different anions. The herein reported structure is an AB-type salt of the monoprotonated triamine and bromide counterions. The asymmetric unit contains one ion pair. Additionally, in Fig. 1 the symmetrically bifurcated intramolecular hydrogen bond to the two endodentate amine functions is shown. This bond type, also found by Wieghardt et al. (1987) for Me 3 tacnH + , accounts for the stabilization of the monoprotonation and may have contributed to the difficulty to isolate the free parent triamine.
The structure is built by bilayers that are held together by van der Waals attraction. No classical hydrogen bonds were found between the bilayers. In contrast, the bilayer itself is connected by N-H···Br hydrogen bonds which link two tacnH + cations of the one layer and one tacnH + cation of the adjacent layer via a bromide counterion. An additional C-H···Br hydrogen bond connects the tacnH + cations of each monolayer with the bromide (Fig. 2 ). Fig. 3 shows the packing along [0 0 1] which is more reminiscent of the structure of tacn hemihydrate (Battle et al., 2005) than of the structures of the tacnH 3+ salts which are characterized by a higher hydrogen-bond density (Warden et al., 2004) .
By following the Richman-Atkins synthesis (Richman et al., 1974) , 1,4,7-triazacyclononane was prepared by a method which utilizes the high degree of cyclization achieved by the reaction of the disodium salt of N,N',N"-tritosyldiethylenetriamine with the ditosyl derivative of 1,2-ethanediol (Hay et al. (1979); McAuley et al. (1984) ; Battle et al. (2005) ). Crystals of the title compound suitable for X-ray analysis were recovered from the filtration residue of the toluene fraction which was extracted and recrystallized with acetone. supplementary materials sup-2 Figures   Fig. 1 . The molecular structure of the title compound, with atom labels and anisotropic displacement ellipsoids (drawn at 50% probability level) for non-H atoms. The intramolecular symmetrically bifurcated hydrogen bond is drawn as a broken line. 2 restraints Extinction correction: none Primary atom site location: structure-invariant direct methods
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